The present work deals with emulsions of volatile alkanes in an aqueous clay suspension, Laponite, which forms a yield stress fluid. For a large enough yield stress (i.e. Laponite concentration), the oil droplets are prevented from creaming and the emulsions are thus mechanically stabilized. We have studied the evaporation kinetics of the oil phase of those emulsions in contact with the atmosphere. We show that the evaporation process is characterized by the formation of a sharp front separating the emulsion from a droplet-free Laponite phase, and that the displacement of the front vs. time follows a diffusion law. Experimental data are confronted to a diffusion-controlled model, in the case where the limiting step is the diffusion of the dissolved oil through the aqueous phase. The nature of the alkane, as well as its volume fraction in the emulsion, has been varied. Quantitative agreement with the model is achieved without any adjustable parameter and we describe the mechanism leading to the formation of a front.
Introduction
Emulsions provide an efficient way to transport and/or store small quantities of a chemical compound in a large volume of an immiscible liquid. Due to a high surface-tovolume ratio, and thus a high energetical cost associated with their formation, these media are not a stable state of matter. Therefore, kinetic stabilization of emulsions is crucial and efficient stabilization processes are sought for. In the case of surfactant-free emulsions, demixing of the two phases occurs over short times (typically less than 24 hours) which leads to the development of a supernatant. When emulsions are stabilized with surfactants, diffusion-controlled destabilization such as Ostwald ripening can be observed over long time scales [1] . Recently, it has been emphasized that the volatility of either the emulsifying or the emulsified phase can govern the long time evolution of an emulsion [2, 3] .
In this paper, we address the specific question of the evaporation of the oil contained in an oil/water emulsion whose continuous phase is a colloidal clay suspension that forms an aging yield stress fluid. The fluid aging induces a growing yield stress with the time elapsed after emulsification. Here, the time scale of the yield stress increase is short compared to the destabilization processes of the emulsion: coalescence, creaming and diffusion-controlled relaxation. The advantage of such emulsions is twofold. First: as the droplets are prevented from creaming dura e-mail: geoffroy.guena@espci.fr ing the whole duration of the experiment, the effects due to evaporation are not hindered or modified by hydrodynamic ones. Second, there is no need for the addition of any surfactant in the system 1 . The originality of our experiment is that during the evaporation process, we observe (and explain why we can observe) the formation of a front separating the emulsion from a droplet-free aqueous phase. As a consequence, we show that the kinetics of evaporation is controlled in an unconventional manner by the concentration profile of alkane.
Experimental set-up
Emulsifying phase: The emulsifying phase is an aqueous suspension of Laponite RD (Rockwood) of concentration φ m = 2.5% w/w. The pH is set to 10 by adding hydroxide sodium in order to avoid chemical dissolution of the clay particles [4, 5] . The dispersion is stirred for 72 hours to ensure full dispersion and exfoliation of the clay platelets. It is further let at rest for 24 hours, the fluid then evolves from a low-viscosity liquid to a paste with a large apparent yield stress within a few hours. It can then be "rejuvenated", i.e. recover its liquid state by application of a strong shear [6] .
Emulsified phase: The emulsified phase is a light linear alkane whose vapor pressure is comparable to but smaller The European Physical Journal E Table 1 . Physical constants of light linear hydrocarbones.
x * ≡ solubility in water from [7] ; T b ≡ boiling temperature; D m ≡ mass diffusion coefficient in water from [8] .
5.4 · 10 −7 99 than the atmospheric pressure: three alkanes have been used for this study: pentane, hexane and heptane. The solubility of those alkanes x * in water is very low [7]; values for the solubility found in the literature are given in Table 1 . Specific interaction: A specific interaction of the alkane molecules with the clay platelets, leading for instance to the adsorption of the alkane on the surface of the platelets, may increase the apparent solubility of the oil [9]. However, using Chemical Oxygen Demand test, we did not measure any significant change in the solubility of alkane in a Laponite dispersion compared to the one in water. Due to the large surface-to-volume ratio of the clay platelets (it is of the order of 10 8 m 2 /m 3 for a mass fraction φ m 1%), any adsorption of the alkane on the surface of the platelets would lead to a large concentration in alkane even after the evaporation of the oil from the emulsion. For instance, assuming close packing adsorption of alkane, one would find c ads 10 −3 mol/g of dispersion which is significantly larger than the solubility of the alkane in the aqueous phase (from Tab. 1, the solubility of pentane is c * = 6 · 10 −7 mol/g of water ). In the following, we assume that the solubility of alkane in a Laponite dispersion is the same as in water.
Emulsification process: Emulsions are prepared using an ultrasonic emulsifier without adding any surfactant and they are stable for several weeks. During the emulsification process, the Laponite dispersion is rejuvenated by the strong shear applied but becomes pasty again when at rest. Emulsions are polydisperse, the typical size of the emulsified droplets is a 0 20 μm and variance σ a 10 μm. The volume fraction of the emulsion is varied between 1% and 10%. It is determined a priori by weighting the different compound and it has been checked a posteriori : a known volume of the sample has been scanned with an optical microscope, and the number and size of the droplets have been measured. Error on the volume fraction is larger for the more volatile compound but it is less than 10% for pentane whereas it is less than 1% for heptane.
Stabilization mechanisms
Qualitative observations: The stability of the emulsions has been tested by varying the mass fraction of Laponite in the emulsifying phase while the volume fraction of the oil phase has been kept constant at φ v = 1%. We observe that for concentration in Laponite smaller than φ m 2% w/w, the oil droplets cream and fur-ther separate into an oil phase; on the contrary, when the Laponite is concentrated enough, the oil droplets remain well dispersed within the aqueous phase over large time scales (a few months). The critical concentration in Laponite corresponds to the one for which Laponite dispersions exhibit a yield stress that is large enough to counterbalance buoyancy stresses [5, 10, 11] . The yield stress needed to prevent a 10 μm droplet from creaming is F b /S = 4 3 Δρ g R 0.1 Pa. Emulsions are mechanically stable when the yield stress σ Y is comparable to this stress F b /S [12] . Oil droplets therefore remain well dispersed in the Laponite provided the yield stress reaches such a value within time scales short compared to the characteristic time of creaming. The stress values and time scales at stake are consistent with values found in the literature [13, 14] .
A question that naturally arises concerning the stability of the emulsions is whether the Laponite platelets play a role in it. Some emulsions -called Pickering emulsions-are known to be stabilized by the trapping of nanoparticules at the oil/water interfaces. Moreover, Pickering adsorption has been invoked to explain the stability of some emulsions in Laponite dispersions [15] [16] [17] [18] . However, if Pickering stabilization was significant in our case, it should prevent the droplets from coalescence for much smaller concentration in Laponite. Note that in any case the Laponite platelets are in large excess, the concentration needed for the total coverage of the oil/water interfaces being φ m ∼ 0.001%, which is far smaller than the critical mass fraction we have found. Indeed, we clearly observe that the emulsions are stable only in the presence of a yield stress.
Evaporation process
Evaporation of the emulsions takes place in open air, which means that the atmosphere in contact with the emulsion is never saturated in alkane (we will see a justification of that later). It is well known that the transport of the volatile alkane in the atmosphere takes place by a diffusive process through an hydrodynamical boundary layer which is of the order of 1 mm and then by advection due to air draft. Optical observation of the evaporation of the emulsions has been performed using microscopic technics. For the observation purpose, the emulsion is quenched between two glass slabs 100 μm apart. Typical micrographs are shown in Figures 1(a), (b) and (c).
The striking feature that appears on these pictures is that a sharp front forms in the vicinity of the interface with the atmosphere. The front separates a droplet-free phase, which is in contact with the atmosphere, from the emulsion. As time elapses, this front moves away from the interface. Quantitative measurements of the front displacement have been performed in the 1D geometry of a capillary tube. Since we focus on the evaporation of the alkane phase only, a small volume of silicon oil is inserted between the emulsion and the atmosphere. Silicon oil is miscible with alkane in all proportion whereas it is not miscible with water. The silicon oil volume therefore acts
